Optimization of environment for high density Vero cell culture: effect of dissolved oxygen and nutrient supply on cell growth and changes in metabolites.
This study was initiated for optimization of the environment of a technologically useful mammalian cell line for high density production. Cultures of Vero cells on microcarriers were perfused with 100%, 50%, 25% and 12.5% modified L15 media (galactose was replaced with 10 mM-fructose, with 4 mM-glutamine and 5% foetal bovine serum) in phosphate-buffered saline at either 4 or 8 vol. day-1. Cell growth, pH, dissolved oxygen, and changes in the metabolites, lactate to pyruvate and lactate to ammonia indices, demonstrated that under the conditions used in the present study, perfusion of cultures with 50% L15 medium in PBS at 8 vol. day-1 provided the optimum microenvironment for Vero cell growth. The highest cell density in the perfused cultures was 3 X 10(7) cells ml-1, which at these conditions was ten times higher than the maximum cell density (3 X 10(6) cells ml-1) obtained in a batch culture. Nutrient supply and conditioning factors were the most probable growth-limiting factors in cultures that were perfused with 12.5% and 25% L15 media, while multilayering, limitation of available oxygen, and accumulation of metabolic end products in the cellular microenvironment were the most probable causes of a density-dependent inhibition of cell growth observed under the optimized and overfed (supply of 100% L15 medium at the rate of 8 vol. day-1) culture conditions. Under the optimized environmental condition, the major source of energy was probably glutamine during the first week. However, significant utilization of fructose became evident at higher cell densities during the second week, when lactate production dramatically declined and reached an almost undetectable level, while respiration progressively assumed the predominant role in energy production. It is postulated that 'available' oxygen in the multicell-layered microenvironment of the optimized cultures was higher than in the overfed culture due to the greater utilization rate of oxygen for oxidation of excess nutrients in the overfed culture.